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3. Experimental Approach 
Effects of high temperature on DNA 
methylation of the sea bass cyp19a 
promoter at different positions. 
 
12 14 16 18 20 22 24
0
20
40
60
80
100
Temperature (°C)
P
er
ce
nt
 fe
m
al
es
P
er
ce
nt
 fe
m
al
es
I
-600 -400 -200 +200+1 +400
≈
ATG
II
So
x
TA
TAPp
ar
So
x
Sf
1
Ar
e
So
x
So
x
Fo
x
Cr
e
Bgl II Dra II
- 431
- 56
- 49
- 33
- 13 + 9
+ 60
-500 -400 -300 -100 +1 +100
≈
Sb cyp19a promoter
598 bp PCR fragment
Transcription
Translation
ATG
*
*
≈
≈≈
DNA methylation levels were determined in 10 males and 10 females from each treatment 
(LT and HT). Ten clones from each fish were sequenced and the methylation was 
assessed in 7 CpGs for the cyp19a promoter (below) and 25 CpGs for the b-actin 
promoter. 
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Results were replicated in vitro. 
cyp19a promoter methylation 
suppressed the effects of two potent 
cyp19a transcriptional activators: SF1 
and Foxl2.   
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) The fact that temperature determines 
the developmental fate of an organ at 
a time that is not even formed 
suggested the presence of an 
epigenetic mechanism   
1. Background 
cyp19a expression was lower 
in females previously exposed 
to high temperature.  
 
LT Males vs.  
LT Females 
LT Females vs.  
HT Females 
CpG 
position 
Fst P Fst P 
-431 0.362 0.000 0.083 0.031 
-56 0.219 0.000 -0.007 0.535 
-49 0.404 0.000 0.009 0.325 
-33 0.363 0.000 0.061 0.058 
-13 0.575 0.000 0.148 0.005 
+9 0.318 0.000 0.019 0.241 
+60 0.168 0.005 0.045 0.104 
 
Ospina-Álvárez and Piferrer (2008). 
PLoS ONE 3(7): e2837 
- Fish account for over 50% of the known vertebrate 
species. 
- This biological diversity is also present in their 
reproduction. They exhibit all types of reproduction known 
in vertebrates: gonochorism, hermaphroditism and 
unisexuality. 
- Sex in fish depends on a combination of genetic, 
environmental and social influences and can be quite 
labile. The enzyme aromatase (cyp19a), responsible for 
the conversion of androgens into estrogens, is essential 
for female development in all non-mammalian 
vertebrates. 
- Temperature is by far the most studied environmental 
factor capable of influencing sex ratios in fish. 
- In fish, there is only one sex ratio response pattern: 
higher temperature at early critical developmental stages 
means more males (A). 
- In the sea bass, for example, just 4°C above the upper 
thermal range for development (13–17°C) results in 
highly male-skewed sex ratios (B). 
Navarro-Martín et al. (2009). 
Aquaculture 346: 347–358. 
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2. The question  
- In the sea bass, the “normal” low temperature (LT) of 13–17°C allows normal sex 
differentiation whereas high temperature (21–22°C) induces masculinization. 
Interestingly, the thermosensitive period (TSP) is located from 0 to about 60 days 
post fertilization (dpf) but temperature effects are particularly marked between 0–15 dpf. 
- The gonadal ridges first form ~35 dpf and sexual differentiation does not start until ~150 
dpf. 
Sea bass were exposed to either LT or HT from 0 to 60 dpf and then to naturally fluctuating 
temperature. Fish were grown until one year of age, gonads and brains were dissected and 
DNA extracted. DNA was treated with sodium bisulfite and a ~600 bp portions of the cyp19a 
promoter (below) and a ~350 bp portions of the b-actin promoter were selected and cloned.  
4. Results   
Differences in cyp19a promoter 
methylation were highly significant 
according to sex and temperature regime. 
Methylation levels of cyp19a 
promoter in brain showed no 
difference between males and 
females, and no effect of 
temperature was observed.  
5. Conclusions 
Males had twice the level of cyp19a promoter 
methylation levels than females in gonads.  
High temperature increased DNA methylation 
of the cyp19a promoter in gonads. 
Methylation levels of b-actin 
promoter in brain showed no 
difference between males and 
females, and no effect of 
temperature was observed.  
- A threshold in the cyp19a promoter methylation levels of males and females was observed. Further, 
hypermethylation of a previously hypomethylated cyp19a promoter as a result of increased temperature 
was observed, but only in the gonads, and not in the β-actin promoter, either in the gonads or brain.  
- DNA methylation of the cyp19a promoter may be an essential component of the long-sought after 
mechanism connecting environmental temperature and sex ratios in species with temperature-dependent 
sex determination 
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Sex-related differences were also 
clearly evident by distinct frequency 
distributions, with values in the 
range 12.9–72.8% for females and 
71.4–97.1% for males 
Methylation levels of b-actin promoter was not 
significantly different between males and females 
in gonads. Temperature did not influence DNA 
methylation.  
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There was a weak but 
statistically significant inverse 
relationship between cyp19a 
promoter methylation and 
cyp19a expression levels. 
